Invasive species, extreme fire risk, and toxin release under a changing
  climate by Miner, Kimberley et al.
1 
 
 
Invasive species, extreme fire risk, and toxin release under a changing climate  
 
K.R. Miner1,2, L. A. Meyerson2 
1. Climate Change Institute and School of Earth and Climate Sciences, University of Maine, 
Orono, ME 04469 
2. Department of Natural Resources Science, University of Rhode Island, Kingston, RI 02881 
 
Abstract: 
Mediterranean ecosystems such as those found in California, Central Chile, Southern Europe, 
and Southwest Australia host numerous, diverse, fire-adapted micro-ecosystems. These micro-
ecosystems are as diverse as mountainous conifer to desert-like chaparral communities. Over 
the last few centuries, human intervention, invasive species, and climate warming have 
drastically affected the composition and health of Mediterranean ecosystems on almost every 
continent.  Increased fuel load from fire suppression policies and the continued range 
expansion of non-native insects and plants, some driven by long-term drought, produced the 
deadliest wildfire season on record in 2018. As a consequence of these fires, a large number of 
structures are destroyed, releasing household chemicals into the environment as uncontrolled 
toxins. The mobilization of these materials can lead to health risks and disruption in both 
human and natural systems. This article identifies drivers that led to a structural weakening of 
the mosaic of fire-adapted ecosystems in California, and subsequently increased the risk of 
destructive and explosive wildfires throughout the state. Under a new climate regime, 
managing the impacts on systems moving out-of-phase with natural processes may protect 
lives and ensure the stability of ecosystem services. 
 
Introduction 
California’s Mediterranean climate and fire-adapted ecosystems, like those across the world, 
host a wide diversity of plant and animal species that require frequent fires to thrive. For 
example, fire facilitates the release and dispersal of seeds by some members of the Pinophyta 
(Conifer) family, or the removal of overgrown brush on the forest floor, leaving space for the 
growth of first generational ground cover plants, seedlings and other serotinous species (e.g., 
Kilgore and Taylor 1979; He et al. 2015). This fire-directed ecosystem structure was maintained 
for many generations in California by indigenous communities, including the Karok and Yurok, 
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known for integrating fire into their land management practices (Denevan 1992; Keeley 2002; 
Little 2018). However, with the arrival of European development and infrastructure in 
Mediterranean climates throughout the world, fire suppression became the governing 
philosophy (Parsons and Debenedetti 1979). For the last few decades, staunch fire suppression 
policies implemented to protect built property have minimized the number of fires across the 
California landscapes, thereby increasing the fuel load and changing the natural cycling of fire-
reliant species (Parsons and Debenedetti 1979; Collins et al. 2019).  Combined with drought 
conditions and the expanded range of flammable invasive species, these fire suppression 
policies have primed California ecosystems for exceedingly hot and destructive fires 
(Diffenbaugh et al. 2015; Steel et al. 2015). 
 
With an overlap between human development and fire-prone natural systems, hotter fires can 
lead to the unregulated release of household and industrial products from burnt houses, 
businesses, and production facilities. These compounds can be extremely toxic and include 
heating oil and tar, cleaning products, insulation and flame-retardants, asbestos, plastics, PCBs 
and benzene. This little-understood impact of the increased heat and range of wildfires can 
cause significant health impacts on humans and natural systems, with effects that can span 
generations.  
The goal of this article, therefore, is to investigate the cyclical system dynamics between 
invasive species, climate change, increased fire range, and the release of toxic chemicals within 
Mediterranean climates. Understanding the interplay between invasive species, ecosystem-
destabilizing chemicals, and temperature increases will allow local authorities to anticipate and 
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better plan for the danger of extreme wildfire risk in Mediterranean ecosystems across the 
globe.  
 
Fire dynamics in Mediterranean ecosystems  
Within multiple California ecosystems, the introduction and range expansion of invasive flora 
produce biomass that acts as surplus fuel during wildfires (Keeley 2001; Rao and Allen 2010; 
Bell et al. 2017; Calvino-Cancela et al. 2017). Invasive plants such as members of the Tamarix 
family, including Tamarix ramosissima (salt cedar) and the Myrtaceae family, with over 60 
species of Eucalyptus, thrive in riparian environments. Avena fatua (wild oats), Lolium perenne 
(ryegrass) and Arundo donax (giant reed grass) have invaded grasslands with flammable 
biomass, that can be faster than native species to recover after a fire due to a persistent seed 
bank and rapid growth rates (Bell et al. 2017) (e.g., Keeley 2001; California Native Plant Society 
2010). Fire-prone eucalyptus trees can further exacerbate forest wildfires, as they have during 
the 2017-2019 Australian fire seasons, spreading the flames to great distances with explosive 
bark and sap (Bell et al. 2017; Calvino-Cancela et al. 2017). These invasive plants increase the 
intensity and range of wildfires, impacting the survivability of co-located native plants (Bell et 
al. 2017).  
In addition to floral invasives, over 200 native species of the fauna species Scolytidae  (including 
bark beetles), expand in number and range as drought and dense forests allow them to quickly 
attack trees weakened by the resource drain (Bentz et al. 2010; Bell et al. 2017). The significant 
damage left by the bark beetle includes predation and death of old-growth pines, 
disproportionately affecting these targeted species. Scolytidae species are critical for 
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maintaining healthy forest structure under normal conditions but may kill excessively during 
drought, laying eggs under the bark of vulnerable trees (Bentz et al. 2010). Bark beetles also 
suffer higher mortality under cold temperatures, which prevented the population from 
expanding unsustainably in the past. Still, temperature increase from climate change has 
allowed the beetles to expand their range from Mexico to Alaska (Bentz et al. 2010). As forests 
decrease in size and strength, they absorb less carbon dioxide, leading to further heating and 
deforestation. The additional dry material from dead trees can fuel a wildfire able to move up 
trees and across treetops, in a movement known as crowning, jumping over fire blocks to burn 
large areas (Steel et al. 2015). These scorching fires can also remove or damage topsoil quality 
and nutrient supply, decreasing the chance of native and serotinous plant regrowth  (Knelman 
et al. 2015).  
As climate change continues to warm and dry Mediterranean ecosystems, the consequences 
are widespread (Flato et al. 2013; Kloos et al. 2013; Roe et al. 2016; Schwartz 2018). Warming 
systems have led to multi-year snowpack lows in California’s Sierra Nevada range (Belmecheri 
et al. 2016) with co-occurring high temperatures and drought conditions expected to continue 
seasonally (Asner et al. 2016). Combined with a low precipitation rate that decreases soil 
hydration, the potential for hotter, wide-reaching wildfires escalates (Asner et al. 2016). In 
addition to the loss of snowpack and precipitation variability, drought introduces even greater 
vulnerability to insect attack for many trees and plant species. Forest fires burn at different 
temperatures, ranging from 800 oC to 1200 oC, depending on the fuel and oxygen availability. As 
the number of dead trees and plant material increases, the opportunity for significant dry fuel 
loading also grows, amplifying the risk of disastrous fires (Kilgore and Taylor 1979; Parsons and 
5 
 
Debenedetti 1979; He et al. 2015; Steel et al. 2015). With over 129 million dead trees in the 
state of California from bark beetles in recent years (Fire 2017), both the forest fuel-load and 
the opportunity for invasive flora range advance has increased exponentially.  
Household aids become toxins in the environment 
Human development within natural systems in California, combined with drought-like 
conditions and fuel loading driven by invasive species, increases the risk of an uncontrolled 
release of human-made chemicals during wildfires. The discharge of household and industrial 
chemicals during structural burns in fires, in effect, transform useful household aids into toxins. 
When a home in a forest burns, the materials that compose the building structure, any fuel 
sources or stored petroleum, sewage and septic systems, cleaning products, and every-day use 
objects are transformed into ash or carried directly in water into the environment (Johnston 
2018). Structural ash may contain an amalgamate of chemical particulates, including cancer-
causing dibenzo-p-dioxin (PCDD), PFAs, PAHs, benzene, organochlorines, bleach and cleaning 
compounds, petroleum byproducts, naphthalene, carbon monoxide, and airborne asbestos 
(Fernández-Fernández et al. 2015; Kibet et al. 2017). The compounds that make up these 
products can range from harmful to extremely dangerous to health, known to contribute to 
cancer, diabetes, congenital disabilities and obesity in humans (Ruzzin 2012; Lee et al. 2014; 
Denise K. Reaves, Erika Ginsburg, John J. Bang 2015; Ngwa et al. 2015; Miner et al. 2018b). 
Compounds found in these structures can be concentrated in the fire ash, leading to an 
indiscriminate release of regulated chemicals into the near environment. Once released, they 
move through the atmosphere and watershed in unmeasurable quantities, where they 
permeate and damage natural ecosystems (Lafrenière et al. 2006; Miner et al. 2017; Mackay et 
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al. 2018). Additional toxin distribution through atmospheric transport and re-deposition may 
occur during precipitation, further expanding the range to impact both regional and 
international ecosystems (Hansen et al. 2015; Friedman and Selin 2016; Miner et al. 2018a). 
Precipitation following burn events may also transport chemical particulates throughout the 
watershed and into streams and the ocean, dangerously impacting fish stock and marine life  
(Kibet et al. 2017; Miner et al. 2018c; Noestheden et al. 2018). The flux of household chemicals 
into local ecosystems increases the chance of biological uptake and accumulation, as well as the 
residence time and background concentration of the chemicals (Daly and Wania 2005; Bizzotto 
et al. 2009; Walters et al. 2016).  
Any uncontrolled flux of known toxins into the environment at unknown rates has the potential 
for significant consequences for natural and human life within the ecosystem (Bogdal et al. 
2009; Lee et al. 2014; Ren et al. 2016; Wang et al. 2016; Mackay et al. 2018). System instability 
predicated by insect or vegetation die-off or inter-generational bioaccumulation can exacerbate 
vulnerabilities in an already drought-prone system (Blais et al. 2003; Elliott et al. 2012; 
Diffenbaugh et al. 2015; Villa et al. 2017). Structural ecosystem weaknesses from drought and 
temperature fluctuations are exploited by invasive species- a dynamic that could increase with 
further damage from chemical uptake (Figure 1). Significantly, as chemicals released into the 
environment can destabilize a natural structure or cause system die-off, large quantities of 
chemicals released in a wildfire can damage the ecosystem for generations. The combination of 
built environment expansion, fire suppression policies, drought, and fuel loading from invasive 
species increases the opportunity for direct chemical release during wildfires. 
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The potential for cascading system destabilization 
Cascading system failure describes the destruction of foundational aspects of a system, such as 
necessary prey or vital habitat, leading to reverberating damage throughout the system 
structure. As chemicals increase in concentration in the environment, they can lead to non-
linear health impacts or largescale die-offs in both flora and fauna (EPA 2016; Reid et al. 2016; 
Kibet et al. 2017).  The transport of foreign chemical species into ecosystems during wildfires 
can destabilize trophic-level predation, changing ecosystem structure, and resilience (Walters 
et al. 2016; Mackay et al. 2018).  The combination of drought or unseasonal flooding and 
bioaccumulation of toxins can decrease the survival rate of species on multi-generational 
timescales (Geisz et al. 2008; Desforges et al. 2018). In conjunction with increased temperature 
and drought, the chemical release may impede the growth native flora, but facilitate later 
recolonization by opportunistic invasive species with resilient seed banks (Bogardi et al. 2012; 
Nadal et al. 2015). The long-term impacts on faunal species like Salmon or Golden Eagles from 
physical and chemical damage to critical habitat and food sources have already been 
substantial, limiting their ability to reproduce or migrate to breeding areas (Kelly 2016; Nawab 
et al. 2018).  
Next steps: managing system stability 
The increasing interconnectedness and co-location of the developed human and natural world 
have been a global issue of ongoing concern for generations. Stories as diverse as the Cuyahoga 
River catching on fire in the 1950s, to the death of predatory birds from DDT in the 1970s, have 
permeated the literature (Carson 1962; Adler 2014). As human populations continue to grow, 
this overlap poses increasing challenges to the integrity of natural systems. The warming 
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climate has diminished precipitation and increased regional drought conditions in many 
Mediterranean ecosystems, increasing the risk of wildfire worsened by invasive species’ 
expansion and fuel loading. After damaging wildfires, chemicals from the built environment can 
become uncontrolled toxins in the background, further diminishing ecosystem stability and 
structure.  
This cycle of cascading system impacts from the combination of human-driven climate changes 
and ecosystem encroachment will continue without the proper management of human 
chemicals. Physical and ecological actions, including invasive species management and runoff 
entrapment, may slow chemical transport into the environment, providing a first-order 
defense. This is especially critical as ecosystems attempt to adjust to a new climate regime. 
Modeling and data software that track the movement and flow of toxins through the 
environment could be developed to provide forecasts similar to weather reports, allowing for 
mitigation. A tool to track spatially where there is an overlap of invasive species, subsequent 
fire range, and potential toxin release would enable resource agencies to improve mitigation 
and data-collection in high-risk areas. Public education in high-risk neighborhoods could 
encourage participation in invasive management, minimizing the use of toxic chemicals, and 
maintaining healthy fire-adapted ecosystems. Alongside public education, however, policy 
changes to mitigate the negative impacts of combusting building materials and household 
goods are necessary. As long-lasting, destructive fires expand globally, efforts to plan for fire 
and toxin mitigation could be widely applied. In the 2018-2019 fire seasons alone, damaging 
fires in Alaska, California, Australia, Brazil’s Amazon, Portugal and, Siberia have destroyed 
vegetation, critical animal habitat, soil productivity, and countless structures. As climate 
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warming and invasive range expansion continue, the impact of fires, and the toxins they 
release, will remain. 
The need for increased separation between the natural and human systems is clear, with the 
ongoing development of human communities, creating a significant strain on the natural 
systems that support them. It is critical to understand the cycle of invasive species expansion, 
ecosystem disruption, and destabilizing chemical release as a managed system within the global 
focus on a changing climate. Humans are reliant on ecosystem stability, and increasingly, 
ecosystems rely on humans.  
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